We present 27 problems encountered in automating the translation of movie/TV show subtitles. We categorize each problem in one of the three categories viz. problems directly related to textual translation, problems related to subtitle creation guidelines, and problems due to adaptability of machine translation (MT) engines. We also present the findings of a translation quality evaluation experiment where we share the frequency of 16 key problems. We show that the systems working at the frontiers of Natural Language Processing do not perform well for subtitles and require some post-processing solutions for redressal of these problems.
Introduction
Subtitling a video enhances the audio-visual experience. It helps viewers watch content in languages in which they lack proficiency. With over 450 million hearing impaired people across the globe 1 , subtitling broadens the reach of companies in the multimedia domain like Prime Video. Subtitles also aid in better understanding of inaudible spoken words (like whispering), a person talking in a different accent/language, background noises etc. Thus, a correct subtitle is imperative for better viewing experience. Even now, Prime Video mostly does manual subtitle translation. This process is time consuming (average of 20 hours per hour of content), expensive (average $12 per minute of content), not scalable due to constant catalog growth across languages, relies on subjective knowledge of translators and for organizations dealing with sensitive data, it also limits usage. One possible solution is to automate the process. Statistical Machine Translation (SMT) systems [1] have been around for years but they have not been able to outperform humans in generating a natural-sounding translation. Authors in [2] [3] [4] [5] have tried to identify some problems with automated subtitle translation, however, their work was restricted to SMT. With progress in the domain of Natural Language Processing (NLP) and advent of Deep Learning (Neural Machine Translation (NMT) [6] [7] [8] [9] [10] ) in recent years, we have now started exploring solutions for the automated translation of subtitles.
In this work, we list (not exhaustive) and explain the problems we discovered during our research 2 while generating automated translations. We classify each problem into one of three categories; firstly, the problems directly related to textual translation, secondly, problems related to subtitle creation guidelines, and lastly, problems due to adaptability of MT engines. Some of these problems can be solved using post-processing of the MT output like the incorrect spacing errors, incorrect spellings, addition/deletion of words while others like language and cultural nuances require sophisticated solutions which include building better MT engines and proper understanding of language. While listing the possible solutions to individual problems is not the focus of the paper, it gives an insight into the type of solutions which can be devised to tackle each problem. This paper is divided into three major sections. Section 2 elucidates the key problems in subtitle translation using MT systems. As a running example, we majorly focus on the problems in English to German subtitle translation with some exceptions. Section 3 describes the Subtitle Validation Experiment we conducted to validate the key identified problems, and present a corrected solution to the output of the MT engine. The idea is to identify the gravitas of individual problems in terms of understanding of translated text, readability and the frequency of occurrence. Finally, with section 4 we conclude the paper, with the disclaimer that though the list provided in current paper is not exhaustive, it describes the key problems in automated subtitle translation during our experiments. Problems that arise with dubbed content, generating captions, audio transcription and corrupt source text are outside the scope of this work.
Problems
A typical subtitle block consists of two timestamps and one text block. Figure 1 presents an example of a subtitle file with two subtitle blocks in the VTT format 3 . Timestamps define the period in which the text block is to be shown and the timestamp structure depends on the file format. Different content publishers 4 have different guidelines for onscreen subtitle creation process to maintain a uniform viewing experience. While automating, MT systems can violate these guidelines. We now enumerate the key problems encountered in the automated translation of subtitles 
Problems related to subtitle creation guidelines
1. Repeated phrases/words: MT engines literally translate the repeated words or phrases in the source sentence [11] . As shown in Table 1 , the repetitions are sometimes removed by humans only keeping the first occurrence to avoid unnecessary increase in length of translation. Get over there! Hurry up! Get over there.
#
Geh da rber! Beeil dich! Geh da rber.
Geht da rber! Beeilt euch! 4 Yes, yes. Ja, ja. Ja. or hyphenated (like father-in-law ). Understanding and translating small and frequent compound words is easy. However, German is notorious for lengthy compound words [12] , and a lot of research has gone into solving this problem for SMT [13, 14] . These long compound words are mostly absent from the vocabulary of MT systems resulting in poor translation.
Incorrect spacing error:
If an incorrect spacing in present around punctuation marks, hyphens or places where space or lack thereof changes the interpretation, it is classified as an incorrect spacing error. As shown in Table 2 , it is necessary to follow correct spacing after hyphens and ellipses. 6. Subtitle block count integrity: During translation, an MT engine translates each subtitle block individually. A human translator on the other hand, might change the number of subtitle blocks. This primarily happens due to one of three reasons; firstly, either the number of words changed significantly and the translator felt the need to merge adjacent subtitle blocks or split one block into two or more. Secondly, a subtitle block on it's own did not make much sense and translator considered more than one block for translation. Finally, subtitle time should be under a certain reading speed (number of words per second). As shown in Table 4 , a human translator would split/merge a subtitle block, but it will be difficult for the translation engine to determine the exact point where a block is to be split, or identify which blocks need to be merged. 
Problems related to textual translation
1. Paraphrased translations: For each language, there is a specific word length and character length rule to offer the best viewing experience. In some cases, a less than ideal translation will have to be used to meet these strict rules. For example, for German, Prime Video uses 42 characters per line, 3 lines per block. In other case, the differences in speech conventions between source and target language can cause humans to paraphrase the sentences. As shown in Table 5 , an automated translation engine tries to give out a literal translation that disregards the guidelines whereas a human can provide an imperfect/alternate translation to adhere to these rules [16] . Table 5 : Paraphrased Translations 2. Translating Idioms: Literal translation of an idiom does not make much sense. Identifying idioms is very difficult on its own and their translation is even more challenging [17] . There may not be an equivalent idiom/phrase in the target language. Even if it exists, correctly fitting it within the context with grammatical accuracy is difficult. For example, the German idiom, "Da kannst du Gift drauf nehmen" literally means "you can take poison on that" but it's equivalent English idiom is "You can bet your life on that"
Literal Translation v/s Contextual Translation:
A single phrase can convey various meanings depending on the framing context as shown in Table 6 . Automated translation engines dont do well for such cases [18] . For example, the phrase "beats me" can have a different meaning based on the context. , "fucking asshole" is translated by an MT engine to "puto gilipollas" in Spanish which means "asshole" whereas it was translated to "cabrn" by human translators meaning "dumbass" conveying a rather similar meaning [19] .
Identify text not to translate:
In certain cases, parts of a sentence should be excluded from translation/transliteration 8 . As shown in Table 7 , "MARY BEARD" was not identified as a proper noun and was translated like a common noun. Human translators use translation memories called Key Names and Phrases (KNPs)
9 to identify such text along with their own judgment which lacks in an MT engine. Table 7 : Identify text not to translate 6. Addition/Omission of words: In a translated subtitle block, words can be added or removed from source during translation. As shown in Table 8 , addition or omission of the words can be very trivial but in some cases it can alter the meaning of the sentence or provide incomplete information to the viewer. In translated subtitle, it is possible that MT engine can introduce error in form of word order. For example, If the intended sequence of words was A-B-C, and the translation comes out to be B-A-C -this can result in a grammatical error or can alter the meaning of sentence. As shown in Table 9 , in some cases, a couple of words can get swapped or the position of a could be incorrect.
Language nuances:
In German, "Du" is used with people that are very well known and "Sie" is used with unfamiliar people. In French, the choice of pronoun "tu" and "vous" is matter of etiquette. "tu" hat die CO2-Menge in der Atmosphre fast 40% zugenommen, Table 9 : Word Order Error is used for singular informal and "vous" is plural and/or formal. Choosing the wrong pronoun can have negative consequences. In Japanese, second person pronouns are rarely used -even if the speaker is in front of the person he/she is referring to, it is more common to address them using their family name. As shown in Table 10 , automated translation uses incorrect pronouns which were corrected by human translators. Alle warten darauf, Ihnen zu gratulieren.
#
Alle warten darauf, dir zu gratulieren. 3 "I would like it to pass on to you "Ich mchte, dass es an Sie weitergibt "Ich mchte sie an dich weitergeben, [20] . In subtitles, we mark a misspelling when it violates the movie-specific glossary or that of the target language. As shown in Table  12 , misspelling can alter the meaning of translation.
11. Nonsensical Translation Error: Errors that occur due to an incorrect translation or incomprehensible translation. As shown in Table 13 , human translation is very different from automated translation since MT engine either literally translated the sentence or did not translate the sentence correctly.
12. Not-translated words: During automated translation, for an out-of-vocabulary (OOV) word, the MT engine might consider it as a proper noun and choose not translate it [21] . As shown in Table 14 , there are some words that were not translated but should have been translated.
13. Over-Translation Error: Errors due to translation being more specific than required [22] . For example, source text talks about a woman and MT engine uses a term suitable for an older woman instead of more generic one.
14. Translating stammering: Stammering occurs because a character might be nervous or might have a speech defect. For an English sentence, "I w. . . w. . . was going there", typical MT system outputs "Ich wollte da hingehen." which means "I wanted to go there." which is an incorrect translation. Identifying a case of stammering and translating it is a difficult problem [23] because it depends on how it should be translated. und seine Hftflasche. Alles ist da. . For example, if in an Indian movie someone says "jump off Qutub Minar", it is easy to understand for Indian audiences to relate that Qutub Minar is long tower-like structure but if we want to translate this for French audience, they would be able to relate better to an Eiffel Tower reference.
Wrong Lexical Translation:
Errors that occur because word/phrase like abbreviation and acronym is incorrectly translated. As shown in Table 15 , the error can occur if a translated lexicon violates glossary, standard language, industry usage, is inconsistent with other translations of the source term or denotes a concept different from the source term.
3. Grammatical accuracy prioritization: Some movies introduce grammatical inaccuracies to give characters distinguishing traits. For example, in The Empire Strikes Back 12 , when Yoda 13 meets Luke Skywalker 14 for the first time, he says -"Looking? Found someone, you have, I would say, hmmm?". This sentence is intended to be grammatically incorrect but will cause problems during translation. It is required for the translations to retain the artistic intent and convey accurate meaning that might not be grammatically correct.
4. Word Structure Error: A word structure error occurs when the translation is grammatically and technically correct but uses incorrect morphological form such as case, gender, number, tense, prefix, suffix, infix, etc. As shown in Table 16 , the translation text is correct grammatically and follows all technical subtitle specifications but is morphologically incorrect translation.
Format Errors:
Errors that occur because the numbers or numerals are incorrectly translated. As shown in Table 17 , the MT output retains the Imperial system when it should have used the International System of Units which is more prevalent in Germany. Sie haben alle ihre kleinen Eigenarten. 
Subtitle Validation Experiment
In this section, we describe the subtitle validation experiment conducted to identify the frequency of 16 key problems in the automated translation of subtitles from English to six target languages viz. German, Chinese (simplified), French, Castilian Spanish, Arabic and Brazilian Portuguese. The experiment was performed on 56 movie subtitle files containing a total of 17,977 subtitle blocks. The English subtitles were generated by humans and target subtitles were generated using an MT system trained using [6] .
In this experiment we asked the professional translators to mark all the problems present in each subtitle block and provide the correct translation. Figure 2 shows the percentage of problems for all language pairs. Blue bars represent problems in translation and red bar represents percentage of blocks without these 16 errors. We observe that some of the problems are present in most of the languages. For example, Paraphrasing error is the biggest problem in all the languages except Chinese (simplified). However, certain problems are language specific and hence require specialized solutions. 
Conclusion
In this work, we explained 27 problems in automating translation for movie and TV show subtitles and share frequency of 16 key problems for six language pairs. While we do not provide possible solutions for any problems, we present an insight into the problem domain. The examples provided encourage the reader to design errorspecific, language-specific and language-agnostic solutions. One can solve these problems by pre-processing the input, post-processing the MT output or by improving MT engines. Creating one solution for all languages may not always work.
